Impulsive choice, a form of impulsivity, is associated with tobacco smoking in humans. Trait impulsivity may be a vulnerability factor for smoking, or smoking may lead to impulsive behaviors. We investigated the effects of 14-day nicotine exposure (6.32 mg/kg/day base, subcutaneous minipumps) and spontaneous nicotine withdrawal on impulsive choice in low impulsive (LI) and high impulsive (HI) rats. Impulsive choice was measured in the delayed reward task in which rats choose between a small immediate reward and a large delayed reward. HI and LI rats were selected from the highest and lowest quartiles of the group before exposure to nicotine. In non-selected rats, nicotine or nicotine withdrawal had no effect on impulsive choice. In LI rats, chronic nicotine exposure decreased preference for the large reward with larger effects at longer delays, indicating increased impulsive choice. Impulsive choices for the smaller immediate rewards continued to increase during nicotine withdrawal in LI rats. In HI rats, nicotine exposure and nicotine withdrawal had no effect on impulsive choice, although there was a tendency for decreased preference for the large reward at short delays. These results indicate that nicotineand nicotine withdrawal-induced increases in impulsive choice depend on trait impulsivity with more pronounced increases in impulsive choice in LI compared to HI subjects. Increased impulsivity during nicotine exposure may strengthen the addictive properties of nicotine and contribute to compulsive nicotine use.
Introduction
Impulsivity is defined as the predisposition to act prematurely without considering the future outcomes of actions. Impulsivity is a common symptom of several psychiatric disorders, such as attention-deficit/ hyperactivity disorder, aggression, and personality disorders (Moeller et al., 2001) . Furthermore, trait impulsivity in relatively healthy humans contributes to poor decision making. Impulsivity is not a unitary construct but rather refers to diverse forms of deficits in response inhibition at different stages of the behavior, such as preparation to respond, execution of the behavior, and the assessment of outcomes (Evenden, 1999) . At the preparation phase, behaviors initiated without adequate sensory input result in "preparation" or "reflection" impulsivity (Dalley et al., 2011; Evenden, 1999) . During the execution of behavior, a failure to inhibit a motor action or stop the initiated behavior causes "impulsive action" (Dalley et al., 2011) . Finally, making risky or inappropriate choices, such as preference for small immediate rewards and intolerability of delay associated with large rewards, is termed "impulsive choice," also referred to as increased delay discounting (Dalley et al., 2011) .
Impulsive choice has been strongly associated with tobacco smoking and drug dependence in humans (Bickel et al., 1999 (Bickel et al., , 2008 Goldstein and Volkow, 2002; Perry and Carroll, 2008) . Individuals with increased delay discounting begin the use of drugs, including nicotine, at an earlier age compared with less impulsive individuals (Kollins et al., 2005; Wulfert et al., 2002) . Furthermore, tobacco smokers discounted future monetary rewards to a greater extent than non-smokers (Baker et al., 2003; Bickel et al., 1999; Dallery and Raiff, 2007; Heyman and Gibb, 2006; Mitchell, 2004) . A recent meta-analysis of human studies that covered 57 articles and a total of 3329 subjects provided further evidence of increased impulsive choice in smokers and subjects with drug abuse (MacKillop et al., 2011) . Nineteen of these studies investigated tobacco smokers, 15 of which found a significant increase in impulsive choices in the currently smoking group. Short-term nicotine abstinence also increased impulsive choices in smokers when the choice was related to smoking but not monetary choices (Mitchell, 2004) .
Despite the considerable number of human studies, it remains unclear whether increased impulsivity, including impulsive choice, is a cause or consequence of nicotine dependence or whether impulsivity and nicotine dependence are both consequences of a shared biological mechanism. Studies in humans cannot easily determine the direction of causality of these two behaviors (i.e., tobacco smoking and impulsivity), mainly because such evaluations necessitate long-term follow-up Progress in Neuro-Psychopharmacology & Biological Psychiatry 48 (2014) 6-13
Abbreviations: HI, high impulsive; LI, low impulsive; ITI, intertrial interval; AUC, area under the curve; ANOVA, analysis of variance; s, second(s); min, minute(s); h, hour(s).
